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Background: The morbidity and mortality rates of anastomosis leakage of the gastrointesti-
nal system, are high. In this study we covered the colonic anastomosis with polypropylene
mesh on the safety of the anastomosis was investigated.
Methods: Twenty female albino rabbits were divided into two groups. First of all, a segmen-
tal colon resection was performed in both the groups and a single layer of anastomosis was
made. In addition, a polypropylene mesh as long as the circumference of the anastomosis
in the study group. All the rabbits were sacrificed on the 10th postoperative day and the
explosion pressure of the anastomosis, histopathological investigation of the anastomotic
contour, and peritoneal adhesion were compared.
Results: The anastomoses of all the subjects in the control group had exploded and the
average explosion pressure was 149  16 mmHg. However, in the study group, the anasto-
moses did not explode in nine (90%) of the subjects, whereas it exploded in only one (10%)
with a pressure of 260 mmHg. The average explosion pressure in the study group was 315 
30 mmHg ( p < 0.0001). No significant difference was established between the groups
according to the histopathological classification of the anastomotic contour performed
according to the Ehrlich–Hunt model ( p > 0.05). Peritoneal adhesions of the groups is not
statistically different ( p > 0.05).
Conclusion: During the short follow-up period, this new technique significantly increased
the safety of the anastomosis, moreover it did not cause any increase in peritoneal
adhesions. This success has most probably occurred as a result of the external mechanical
support to the anastomosis.
ª 2008 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction intestine with a button. Various techniques, materials andIntestinal anastomoses in surgery have been performed since
the beginning of the 19th century. In 1826 Denans proposed
a device that could perform colonic anastomosis without
suture, and in 1892 Murphy proposed another device made
of two metallic rings that could connect the ends of the; fax: þ90 2126320060.
san).
al Associates Ltd. Publishdevices for performing intestinal anastomoses have since
been developed and tested.1 The aim of all these devices is
to prevent/reduce the complications of anastomoses. Despite
the diversity of these procedures, complications of anastomo-
ses are still encountered. More than half of postoperative
deaths are due to sepsis associated with leakage from aned by Elsevier Ltd. All rights reserved.
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anastomosis are leakage, bleeding and stenosis. Among these,
leakage is the most severe and common complication, and is
associated with the highest mortality rate.4 In a multi-center
study, the frequency of leakage from anastomoses following
colonic resection was reported to be between 0.5% and 30%.5
The frequency of leakages from anastomoses and of other
complications increases progressively from the ligament of
Treitz to the distal end of the colon. The risk of leakage after
proximal anastomoses of the small intestine is 1%, but is as
high as 16% after low anterior colonic resections.6,7
The frequency of asymptomatic leakages, which cannot be
clinically and radiologically identified, is unknown, although
these are thought to be two to three times more frequent
than symptomatic leakages.8,9 Among the methods proposed
to prevent leakage from anastomoses are antibiotic prophy-
laxis, preoperative intestinal preparation, and proximal
ostomies with fecal diversion.10–12 To prevent leakages from
anastomoses, we have designed a new technique, in which
the anastomotic contour is completely covered with polypro-
pylenemesh.We have tested thismethod in rabbits, following
the performance of a single layer of standard anastomosis to
the proximal colon after segmental resection. This technique
was designed to provide external mechanical support to the
anastomotic contour, reducing intraluminal pressure and
the tension on the anastomotic contour caused by peristalsis.2. Materials and methods
This study was performed at the Experimental Animal
Production and Research Laboratory of Cerrahpasa Medical
School, Istanbul University, and was approved by the appro-
priate Animals Ethics Committee. All protocols were in
accordance with the regulations governing the care and use
of laboratory animals of the declaration of Helsinki.
Twenty female New Zealand white rabbits (mean weight,
2500 522 g; mean age, 6 months) were used. The rabbits
were sheltered at one per cage in standard cages, whose top
and bottom parts were made of stainless metal, and sides of
woven wire. The floors of the cages were covered with wood
shavings, which were changed daily. Rabbits were kept at
room temperature and with adequate ventilation. Water and
feeding containers were made of standard plastic, with
sideways entrances. Animals were fed specially produced
pellet feeds for small laboratory animals.
Following one night without food, the rabbits were anes-
thetized with Ketamine (Ketalar, Parke Davis and Co., Inc.,
40 mg/kg body weight) and Xylazin (Rompun Bayer AG,Diagram 1 – Mesh covered colonicLeverkusen, Germany; 5 mg/kg body weight). After shaving
the anterior abdominal wall where the incision would be
performed, antisepsis was provided with povidone iodine. A
6-cm long mid-line incision was made at the inferior abdo-
men. A 4-cm segment of the proximal colon was resected in
all rabbits, 2 cm distal to the cecum. A single layer of anasto-
mosis was made with a 3/0 no polypropylene suture (Prolen,
Kurtsan A.S., Turkey). The fascia and skin of the rabbits in the
control group were closed separately, with 2/0 no polypropyl-
ene sutures (Prolen, Kurtsan A.S., Turkey), using the contin-
uous suturing technique. In the study group, about 5 cm of the
ends of the sutures used on the mid-line of the anterior mes-
enteric side, the mid-line of both lateral sides and on both
sides of the mesentery, was left. Each anastomosis was cov-
ered with polypropylene mesh (Prolen Mesh, Ethicon Co.,
USA) with a width of 2 cm and a length equal to the circumfer-
ence of the anastomosis. The mesh was placed in such a way
that the anastomotic contour was situated in the middle. The
leftover long ends of the sutures were passed through the
openings proximate to that area of themesh and tied together.
By doing so, the mesh was fixed to the anastomosis at these
regions (Diagram 1). The ends of the free margins of the
mesh proximate to the mesenteric margin were stitched to
the sutures, which were passed through the mesentery. At
this point the angle of the lamp illuminating the surgical table
was changed (trans-illumination) and great care was taken so
that the suture passing through the colonic mesentery would
not cause damage to the mesenteric vessels (Diagram 2).
After examination at 12 h postoperatively, the rabbits were
allowed their usual feed. All rabbits were sacrificed 10 days
postoperatively. The rabbits were anesthetized with standard
doses of Ketamine and Xylazine, followed by an intracardiac
injection of 10 ml of potassium chloride. To expose the entire
peritoneal cavity, an inverted ‘‘u’’ incision was made on the
anterior abdominal wall. The adhesions in the peritoneal
cavitywere classified according to the Evansmodel13 (Table 1).
In the control group, the anastomotic contour was resected
together with 5-cm segments, proximally and distally. In the
study group, the resection border was 5 cm from the margins
of the mesh. The distal ends of all resected intestinal
segments were tightly tied together with 0 no polypropylene
sutures (Prolen, Kurtsan A.S., Turkey). A plastic catheter
with a diameter of 18F was inserted into the lumen from the
proximal end, while the other end of this catheter was tied
parallel to a transducer (Alp-K2 Sphygmomanometer, Norti-
con Co., Japan) and an air pump, thus providing the necessary
mechanism to visualize the intraluminal pressure in millime-
ters mercury (mmHg). The intestinal segment was inserted
into a glass container full of water and air was applied to theanastomosis (anterior view).
Diagram 2 – Mesh covered colonic anastomosis
(trans-sectional view).
Table 2 – Ehrlich–Hunt model
Grade Definition
Grade-0 No
Grade-1 Low density and separated
Grade-2 Low density and in all places
Grade-3 High density but separated
Grade-4 High density and in all places
Table 3 – Explosion pressures of the subjects
Control Control group Mesh Mesh group
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anastomotic contour was recorded as the explosion pressure
of the anastomosis. When the first air outlet in the study
group was from the intact intestinal segments outside the
anastomotic contour and/or outside the area covered with
mesh (i.e. non-sutured and/or not covered with mesh and/or
not neighboring the mesh), and not accompanied by an air
outlet from the anastomotic contour, the condition was
recorded as a ‘‘non-exploded anastomosis’’.
Each anastomotic contour was subsequently cut out,
together with 0.5 cm on each side and placed in formol for
histopathological investigation. The specimens were fixed
in 70% alcohol, dehydrated and embedded in paraffin wax.
Sections were cut at a thickness of 5 mm and stained with
hematoxylin and eosin. Each contour was histopathologi-
cally classified according to the Ehrlich–Hunt model.14 The
evaluation criteria for this model were the quantity of in-
flammatory cells, fibroblasts, neovascularization and colla-
gen (Table 2).group
subjects
explosion
pressure (mmHg)
group
subjects
explosion
pressure (mmHg)
C1 160 M1 No (intact colon
exploded in 300)
C2 120 M2 260
C3 140 M3 No (intact colon
exploded in 320)
C4 150 M4 No (intact colon
exploded in 290)
C5 180 M5 No (intact colon
exploded >340)2.1. Statistical methods
Statistical analyses in this study were made using the Graph-
Pad Prisma V.3 packet program. All data were reported as
mean and standard deviations, and between group compari-
sons were made using the Mann–Whitney U test. Qualitative
data comparisons were made using the Chi-square and
Fisher’s exact tests. A p-value < 0.05 was defined as statistical
significance.Table 1 – Adhesion grading according to Evans model
Grade Definition
0 No adhesions
1 Spontaneously separating adhesions
2 Adhesions separating by traction
3 Adhesions separating by dissection3. Results
The mean weights of the mesh and control groups did not
differ significantly (2700 846 g vs 2860 521 g, p¼ 0.971). In
the control group, the anastomoses of all 10 rabbits exploded,
with a mean explosion pressure of 149 16 mmHg. In 9 of the
10 study group rabbits, however, there were no explosions of
the anastomoses or the area covered with mesh or the area
neighboring the mesh. The anastomosis of only one rabbit in
the study group exploded, with an explosion pressure of 260
mmHg. The mean explosion pressure in the study group was
315 30 mmHg (Table 3). Since the equipment used to mea-
sure the explosion pressure had a maximum of 340 mmHg,
this value was used for statistical analysis in the 5 rabbits
with explosion pressures values higher than 340 mmHg.
When we compared the occurrence of explosion be-
tween the two groups using Fisher’s exact test and the
mean explosion pressure using the Mann–Whitney U test,
we found that both differences were highly significant ( p<
0.0001, each). The two groups showed no significant differ-
ences with regard to the histopathological classification of
the anastomotic contour, according to the Ehrlich–Hunt
model ( p> 0.05, Table 4).C6 160 M6 No (intact colon
exploded in 290)
C7 150 M7 No (intact colon
exploded >340)
C8 130 M8 No (intact colon
exploded >340)
C9 170 M9 No (intact colon
exploded >340)
C10 140 M10 No (intact colon
exploded >340)
Table 4 – Histopathologic evaluation results of the groups according to Ehrlich–Hunt model
Groups Inflammatory cell score Fibroblast activation score Neovascularization score Collagen score
Control group 1.86 0.38 3 1.86 0.69 1.86 0.69
Mesh group 1.86 0.38 3 1.86 0.59 1.86 0.38
p-Value p> 0.05 p> 0.05 p> 0.05 p> 0.05
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according to the Evans model in the control group, stage 2
peritoneal adhesions were observed in one rabbit (10%), and
stage 3 in six (60%). In the study group, stage 2 adhesions
were observed in two rabbits (20%) and stage 3 in five (50%).
There were no statistically significant differences between
the groups ( p> 0.05).4. Discussion
Intestinal anastomoses can technically be divided into two
basic categories, sutured/stapled techniques and non-sutured
techniques. Among the former are single layered, double
layered, continuous stitched, simple stitched, side to side,
end-to-end, and various types of stapled anastomoses. Com-
parisons of various sutured or stapled techniques, or compari-
sonsbetweensuturedandstapled techniques, showednoclear
differences.18 Generally, a device is used in non-sutured tech-
niques, with most using a compression mechanism. To date,
a few non-sutured anastomosis techniques have entered into
clinical use. For example BAR (Biofragmentable Anastomotic
Ring) is a bioabsorbable material, used only when performing
end-to-end anastomoses of the small intestine and the colon.
The most commonly encountered complication of non-
sutured techniques is the secondary anastomotic stenosis asso-
ciated with compression, due to severely stimulated fibrosis.19
The most commonly encountered complications in the
sutured techniques are leakages from the sutured openings,
foreign body reactions associated with the suture material,
and bacterial colonization created on the sutures and on the
tissue nests.20 Projected advantages of the non-sutured tech-
niques include non-risk of leakage due to the absence of
a suture opening associated with leakage, time benefit and
the relatively low cost of the staples.1
Our proposed solution (mesh covering) was inspired by the
tube systems in structural science, where fluid passes through
the lumens at the connection points of external cuffs. In struc-
tural science, whenever the fluid carrying tubes are connected
(anastomosed), it is never enough to splice them end-to-end.
Toprevent fluid leakage, external cuffs of about a fewcentime-
ters are always assembled at the connection points. These ex-
ternal cuffs include both tubes and a threaded (screw) system
through which these tubes are internally assembled. The pro-
cedure closest to the mechanism that we suggested is most
probably covering the intestinal anastomosis with the omen-
tum. Several studies have suggested that this technique pre-
vents leakage from anastomoses.21–24 In contrast, the risk of
infection associated with pedicular necrosis or late intestinal
obstruction may be increased by this approach.25,26Since the mesh is a foreign object, it may increase the risk
of infection. This type of risk, however, may also be encoun-
tered when using suturing materials. Although the amount
of foreign object is higher with mesh than with standard
sutures, the risk of infection may be higher with the former,
but this has not been determined.
At the beginning of the study we thought that peritoneal
adhesion would be a serious problem. We found, however,
that the incidence of peritoneal adhesion in the mesh group
was similar to that in the control group. Moreover, adhesions
associated with intraperitoneal mesh are rare.27–30 Neverthe-
less, it is important to note that our rabbits were sacrificed
on postoperative day 10. The frequency of peritoneal adhesion
may increase as the follow-up period increases, and associ-
ated complications may arise. Under such circumstances,
various alternative solutions may be tried, including dual
meshes, with one surface covered with an anti-adhesive
material. Furthermore, when intraperitoneal Gore-Tex Dual
mesh was used laparoscopically on 150 incisional hernias,
there were no symptoms or complications associated with
peritoneal adhesions in any of the patients.31
Another proposed solution concerns meshes produced
from absorbable materials such as polyglycolic acid-910
(Vicryl). However, it is doubtful if these meshes have the
high endurance level (anastomoses that do not explode) of
polypropylene mesh. Using polyglycolic acid mesh covered
anastomoses, the rates of anastomotic leakage, moderate
anastomotic stenosis, and reoperation for severe anastomotic
stenosis were 8%, 33% and 16%, respectively.32
The risk of perforation of the mesh on the intestinal wall
associated with a mechanical trauma has been assessed in
studies of surgeries for transabdominal inguinal and ventral
hernias. These complications are very rarely encountered af-
ter such operations and are generally found in case studies.33
In our technique, there was no suturing on the intestinal
wall while fixing the mesh. The mesh was fixed to the intesti-
nal wall only by joining the leftover ends of some anastomo-
ses. Moreover, as this technique reduces the risk of leakage,
fewer sutures may be needed. This technique can also reduce
the risk of fistulization associated with sutures. Furthermore,
the technique can reduce the risk of anastomotic stenosis,
because it is difficult for an anastomosis covered with a rela-
tively hard material such as polypropylene mesh to pucker-
up (kink) and develop into stenosis.
Recovery from anastomoses of the colon is directly related
to the quantity of collagenous tissue in the anastomotic
contour. Prosthetic materials such as polypropylene can
stimulate collagen production at their location.34 As a result,
the presence of mesh may increase the safety of the anasto-
mosis, due to an increase in collagen synthesis. However,
our histopathological examination found no increase in the
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follow-up may yield different results with regard to the
quantity of the collagenous material.
Our finding that 90% of the rabbits in the mesh group had
‘‘non-exploding anastomoses’’ is very important. This is likely
due to the externalmechanical support provided by themesh.
The explosion pressure of the anastomosis measures the re-
sistance shown by the anastomotic contour against the intra-
luminal pressure. Moreover, it is a safe method for evaluating
the improvement of the anastomosis. The explosion pressure
of the anastomosis is directly related to themature connective
tissues in this area formed by the collagenous tissuemass.35,36
The collagenous tissue mass and the other histopathological
evaluation criteria of anastomoses with mesh were similar
to those of the control group. Thus, the mechanical support
provided by the mesh may be its most important property in
preventing leakage.
Although our results are very encouraging, it is important to
stress that our data were obtained after a short (10 days) follow-
up. Long termfollow-up followinguseofpolypropylenemesh for
anastomoses have not been determined. However, we have not
encountered any deaths, findings or symptoms of infection,
complications associatedwith peritoneal adhesion, or intestinal
perforation associated with trauma of the mesh.
Inconclusion,wehaveshownherethat theriskof leakage, the
most common andmost severe complication of intestinal anas-
tomoses, can be greatly reduced by using this new technique.Conflict of interest
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